This study aimed to evaluate the effectiveness of a bovine brucellosis vaccination program in Rio Grande do Sul, with prevalence as the indicator, and to identify risk factors for the disease. The state was divided into seven regions. For each region, a predetermined number of properties were randomly sampled, in which a pre-established number of randomly selected females aged over 24 months were tested. The serodiagnosis protocol consisted of a screening test using buffered acidified antigen, followed by a confirmatory test using 2-mercaptoethanol. An epidemiological questionnaire was utilized to identify possible risk factors associated with bovine brucellosis. In the state of Rio Grande do Sul, the prevalence of infected herds was found to be 3.54% [2.49-4.88], and the prevalence of infected animals was 0.98% [0.57-1.57]. In assessments of specific regions, the infected herd prevalence ranged from 0.66% to 3.09%, and among the animals, from 0.06% to 2.03%. In herds comprising 15 or more cows, beef type and pasture sharing emerged as risk factors for bovine brucellosis in the state. The epidemiological status of bovine brucellosis in Rio Grande do Sul has remained unchanged since 2004, even though adequate vaccination coverage has been recorded since 2009. Thus, the state should continue its vaccination program, with emphasis on the quality of the process and on encouraging the use of nonantibody inducing vaccines. In addition, the state must make a greater effort to educate producers on the importance of testing for brucellosis in breeding animals before introducing them onto their properties, and on the importance of avoiding shared grazing among herds whose health conditions are unknown. preestabelecido de propriedades nas quais foi testado um número também preestabelecido de fêmeas com idade igual ou superior a 24 meses, aleatoriamente selecionadas. O protocolo do sorodiagnóstico foi composto de triagem com o teste do antígeno acidificado tamponado, seguido de teste confirmatório dos positivos com o teste 2-Mercaptoetanol. Nas propriedades foi aplicado um questionário epidemiológico sobre possíveis fatores de riscos associados à brucelose bovina. No estado do Rio Grande do Sul, a prevalência de focos foi de 3.54% [2.49 -4.88] e a de animais 0.98% [0.57 -1.57]. Nas regiões, as prevalências de focos variaram de 0.66% a 9.03% e a de animais de 0.06% a 2.03%. Rebanhos com 15 ou mais vacas, tipologia corte e compartilhamento de pastagens emergiram como fatores de risco para brucelose bovina no estado. A situação epidemiológica da brucelose bovina no Rio Grande do Sul manteve-se estável desde 2004, a despeito de boas coberturas vacinais terem sido registradas a partir de 2009. Assim, o estado deve continuar seu programa de vacinação, dando ênfase para a qualidade do processo e estimulando a utilização da vacina não indutora de anticorpos. Adicionalmente, o estado deve realizar um grande esforço de educação para que os produtores testem os animais de reprodução para brucelose antes de introduzi-los em suas propriedades e evitem o compartilhamento de pastagens entre rebanhos de condição sanitária desconhecida. Palavras-chave: Brucella abortus. Prevalência. Fatores de risco. Vacinação. Rio Grande do Sul, Brasil.
Introduction
Rio Grande do Sul (RS) is the southernmost Federal Unit of Brazil, located in the extreme south of the country. It is the ninth largest Brazilian state by area, covering 281,731,445 km 2 (IBGE, 2010) . The occupation of this territory by Brazil occurred following several disputes with the neighboring countries of Uruguay, Argentina, and Paraguay. The gauchos, the colloquial term for the people of southern Brazil, spread across the fields along with their cattle, occupying the South of Brazil. As a result, cattle herding played a key role in the socioeconomic formation of the state. Currently, RS has a herd of 14 million cattle, making it the sixth largest herd in Brazil and the largest in the Southern Region (IBGE, 2013) .
Agribusiness, specifically cattle, is a sector that is highlighted in the economy not only in RS, but also in the entire country. Every year, this solidifies Brazil's leading position in the international meat trade. Bovine brucellosis, a zoonotic disease causing economic losses, hinders the development of the beef production chain, and can result in barriers to international trade in animals and animal products (PAULIN; FERREIRA NETO, 2002 NETO, , 2003 . These are measures in line with the recommendations of the OIE (World Organisation for Animal Health), and are sufficiently flexible as to allow implementation of the program in heterogeneous regions of Brazil (LAGE et al., 2006; POESTER et al., 2009 ).
Since the inception of PNCEBT, standardized epidemiological studies have been conducted in 18 Federative Units. The studies have shown that the prevalence of infected herds ranges from 0.32% in Santa Catarina to 41.5% in Mato Grosso do Sul (ALVES et al., 2009; AZEVEDO et al., 2009; CHATE et al., 2009; DIAS et al., 2009a DIAS et al., , 2009b GONÇALVES et al., 2009a GONÇALVES et al., , 2009b KLEIN-GUNNEWIEK et al., 2009; MARVULO et al., 2009; NEGREIROS et al., 2009; OGATA et al., 2009; ROCHA et al., 2009; SIKUSAWA et al., 2009; SILVA et al., 2009; VILLAR et al., 2009; BORBA et al., 2013; ALMEIDA et al., 2016; CLEMENTINO et al., 2016) . The states of São Paulo, Minas Gerais, Espirito Santo, Rondônia, Mato Grosso, and Mato Grosso do Sul conducted a second brucellosis prevalence study in order to verify the effectiveness of their immunization programs. However, only in Mato Grosso, Mato Grosso do Sul, Minas Gerais, and Rondônia was a decrease in the prevalence of infected herds confirmed (BARDDAL et al., 2016; DIAS et al., 2016; ANZAI et al., 2016; INLAMEA et al., 2016; LEAL FILHO et al., 2016; OLIVEIRA et al., 2016) . The state of Santa Catarina, which had the lowest prevalence of infected herds and animals, prohibited vaccinations and initiated the implementation of eradication strategies. Santa Catarina also conducted a second study that did not indicate a change in prevalence (BAUMGARTEN et al., 2016 (MARVULO et al., 2009) . At the time, it was recommended that the state implement a vaccination program for Regions 1, 2, 3 (south coast) and 7 (north coast), areas with increased prevalence of infection. Eradication strategies were suggested for Regions 4, 5 and 6, areas with a very low prevalence of infection. The state chose instead to implement a vaccination program in all of its territories, seeking to homogenize the state of health in the areas of high and low prevalence. In Rio Grande do Sul, immunization of heifers with B19 been required since 1965, but only after 2006 was the vaccination certificate mandatorily linked to the emissions of the Guide Animal Transit (GTA). The state was able to achieve acceptable rates of The objective of this study was to verify the effectiveness of the bovine brucellosis vaccination program implemented by the state, using the prevalence of infected herds and animals as an indicator. Additionally, the study sought to itemize the risk factors for introduction of the brucella infection to the aforementioned properties.
Methods and Materials
The epidemiological research study has been prepared by the Ministry of Agriculture, Livestock and Supply (MAPA) and the Collaborating Center for Animal Health of MAPA based out of the University of São Paulo. This was done in collaboration with the Animal Health Division (DSA) of the Department of Agriculture, Livestock and Irrigation of the state of Rio Grande do Sul (SEAPI-RS). Fieldwork was carried out by technicians from the DSA/SEAPI-RS.
Initially, the state was divided into regions based on the different production systems, management practices, type of operation, average size of the herd, animal marketing system, and the operational capacity of the animal health protection service. Within each of these regions, a predetermined number of properties with reproductive activity (primary sampling units) were randomly chosen. Within each selected property, a predetermined number of cows aged over 24 months were chosen at random (secondary sampling units).
On rural farms where there was more than one flock, the flock of greater economic importance was chosen. The animals must have been subjected to the same management, and therefore be under the same risk of exposure to infection. When a property that, for various reasons, could not be visited was chosen, another was drawn. The number of properties selected by region was determined by the formula for simple random samples (THRUSFIELD, 2007) . The parameters adopted for the calculation were the following: a confidence level of 0.95, an estimated prevalence of 0.20, and a 0.05 error.
The sample design for the secondary units aimed to determine the minimum number of animals to be examined within each property, to allow for their classification as a herd that was infected, or not, with bovine brucellosis. Therefore, the concept of sensitivity and specificity aggregate was applied (DOHOO et al., 2003) . For the purposes of calculation, values of 0.95 and 0.995, respectively, were adopted for the sensitivity and specificity of the test protocol used (FLETCHER et al., 1998) , and 0.20 for the estimated prevalence. Herdacc software version 3 was used for the sample size of choice to allow sensitivity and specificity values for the herd that were greater than or equal to 90%. Thus, in properties with up to 99 females aged over 24 months, 10 animals were sampled, and in those with 100 or more females aged over 24 months, 15 animals were sampled. Females in the peripartum period, up to 15 days before or after delivery, were excluded from the selection.
Blood samples from all animals selected were collected between January and September 2013, by puncturing the jugular vein with a previously selected sterile disposable hypodermic needle connected to a vacuum tube. The sera obtained from the samples were frozen at -20 ° C in polypropylene microcentrifuge tubes until the time of testing. The serodiagnosis protocol consisted of a screening test using buffered acidified antigen, followed by a confirmatory test using 2-mercaptoethanol. The tests were performed at the Desidério Finamor Veterinary Research Institute. A property was considered positive for brucellosis when at least one positive animal was identified.
The sample design allowed us to determine the prevalence of herds and adult females (≥24 months of age) that were seropositive for brucellosis in the state and in the regions. Estimates of the prevalence and confidence intervals were calculated as recommended Dean et al. (1994by) . Estimates of the prevalence of infected herds and animals in the state, and the prevalence of infected animals in the regions, were weighted according to a study by Dohoo et al. (2003) .
The weight of each property in calculating the prevalence of infected herds in the state was given by:
in the region properties sampled in the region
The weight of each animal in calculating the prevalence of animals in the state was given by:
females ≥ 24 months in the property x females ≥ 24 months sampled in the property females ≥ 24 months in the region females ≥ 24 months sampled in the region In the expression above, the first term refers to the weight of each animal in the calculation of animal prevalence within the region.
Estimates of prevalence and confidence intervals of 95% were made using the R Core Team program.
At each sample property, in addition to the collection of blood samples for serological examination, answers to an epidemiological questionnaire designed to obtain information on the type of farming and management practices employed were also obtained.
The variables analyzed were as follows: type of operating system (meat, milk, mixed), type of breeding (confined, semi-confined, extensive), use of artificial insemination, predominant species, number of animals, presence of other domestic as well as wild species, occurrence of abortion in the last two years, destination of placenta and aborted fetuses, buying and selling of animals, vaccination against bovine brucellosis, pasture sharing with other properties, occurrence of flooding in the grasslands, existence of picket lambing and veterinary care.
The variables were arranged in an ascending scale of risk, and were recategorized when necessary. The lower risk category was considered as the basis of comparison for the other categories. Quantitative variables were categorized as percentiles. An exploratory analysis (univariate) was conducted for selection of those with p <0.20 for the χ 2 test (chi-square) or Fisher's exact test, and logistic regression was subsequently applied to these values as recommended by Hosmer and Lameshow (1989) . The calculations were performed using the R Core Team program.
All information generated by field and laboratory work was included in a specific database, to be used for future epidemiological studies.
Results
The state was divided into seven regions ( Figure  2 ). Samples were collected from 6,872 cows, on a total of 1,067 properties. Four properties were excluded due to the presence of animals with exclusively negative and/or inconclusive serological results. Table 1 provides a summary of census and sample data. Table 2 shows the prevalence of infected herds and animals in the region and the state. The prevalence of infected herds segregated by the type of farming in the region is shown in Table 3 . Comparison of prevalence rates calculated by Marvulo et al. (2009) The results of the univariate analysis are shown in Table 4 , and the final logistic regression model for the risk factors associated with herds infected with bovine brucellosis in Rio Grande do Sul is shown in Table 5 . 
Discussion
The prevalence of brucellosis infection in the state of Rio Grande do Sul was 3.54% [2.49 -4.88] ( Table 2) . Considering the point estimates of the prevalence of infected herds (Table 2) , there is a clear difference between two groups of regions. One group is composed of regions 1, 2, 3 and 7. This group has a higher prevalence of infection (ranging from 5.3% to 9.3%), than the group composed of regions 4, 5 and 6 (prevalence rates ranging from 0.66% to 2.58%). Regions 1, 2 and 3, whose properties have a greater number of animals as compared to the milk and mixed type properties, are highlighted due to the level of meat production (SANTOS et al., 2007) . The median number of cows on meat, mixed, and milk type properties was 10, 6 and 3, respectively. In fact, having more than 15 cows and having a beef-type herd emerged as risk factors for Brucella infection (Table 5 ). Region 7 is the north coastal region, and is characterized by small farms and very simple management practices. Regions 4, 5 and 6 are located at the northern end of the state and have the highest number of farms and small herds which are dedicated mainly to the production of cow's milk (SANTOS et al., 2007) . The data in Table 3 corroborate these findings. Marvulo et al. (2009) (Table 2) , and the distribution of prevalence among the different regions illustrates the above findings.
As compared to the results obtained in 2004 (MARVULO et al., 2009) , the prevalence of infection in Rio Grande do Sul calculated in this study did not show a statistically significant difference. Therefore, the vaccination program developed by the state did not result in lower prevalence rates. Similar results have been reported for São Paulo and Espírito Santo ANZAI et al., 2016) . Thus, it is recommended that Rio Grande do Sul continue with their vaccination program, targeting vaccination coverage around 80% , with an emphasis on the quality of the process, from marketing the vaccine to its application. Furthermore, the use of nonantibody inducing vaccines should be encouraged in adult animals, since this practice has been proven to result in a decrease in the prevalence of infection .
The final logistic regression model indicated that herds with 15 or more cows, beef type properties, and pasture sharing are factors associated with herd infection with bovine brucellosis in the state (Table  5) .
The association between herd size and brucellosis has been reported by numerous international authors (KELLAR et al., 1976; NICOLETTI, 1980; SALMAN; MEYER, 1984) . In Brazil, this association has also been found in the states of Rondonia, Rio de Janeiro, Sergipe, Tocantins, São Paulo, Mato Grosso do Sul and Mato Grosso (AGUIAR et al., 2007; KLEIN-GUNNEWIEK et al., 2009; SILVA et al., 2009; OGATA et al., 2009; DIAS et al., 2009b; CHATE et al., 2009; NEGREIROS et al., 2009) . One characteristic of the larger herds which facilitates the transmission of brucellosis is the frequent replacement of animals. This makes it difficult to implement measures that control disease and the dynamics of brucellosis (CRAWFORD et al., 1990) . Christie (1969) observed that increasing the herd size resulted in increased probability of occurrence, persistence of infection, and decreased likelihood of eradicating brucellosis. Therefore, the larger the herd, the greater the risk of introducing brucellosis, and the greater the likelihood of its intra-herd spread.
The fact that beef-type properties have shown a higher risk for brucellosis infection can likely be explained by the larger herd sizes. In the state, the median number of cows on beef-type properties was 10, while on mixed it was 6, and on milk, 3.
Sharing of grazing pastures results in animals from different properties coexisting in the same environment. This increases the likelihood of contact between animals that are infected and those that are susceptible, since animals originating from different properties can have distinct health conditions. This is an indirect mode of contact between properties. Pasture rental, another indirect mode of contact between properties, has been reported as a risk factor for the spread of bovine brucellosis in the states of Parana and Rio de Janeiro. The practice of renting pastures may favor the contact of animals with previously contaminated environments. According to Wray (1975) , the main risk factor for development of an infection with B. abortus is exposure to an environment contaminated with abortion products. Depending on the environmental conditions, abortion products may maintain viable brucella for up to 180 days (CRAWFORD et al., 1990) .
Conclusions
The epidemiological status of bovine brucellosis in Rio Grande do Sul has remained unchanged since 2004, in spite of the fact that appropriate vaccination coverage has been recorded since 2009. Thus, the state should continue its vaccination program, with emphasis on the quality of the process and on encouraging the use of non-antibody inducing vaccines. In addition, the state must make a greater effort to educate producers on the importance of testing for brucellosis in breeding animals before introducing them onto their properties, and on the importance of avoiding shared grazing among herds whose health conditions are unknown.
